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Goals

< To understand the characteristics of the various RFA designs.
In particular the APS design.

Understand why the sigae all in the Main Injector (Ml)

The numbers will s Q0ossible new RFA design

for the M| ajgsid e a current
amplifier i
< To glean from* L e kshop
; Car“easure the electroni than
say 10%7?
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Software Tool

«  We will use SIMION for all the RFA simulations

Optimisation of physical parameters of the RFA.

,’

o

« Calculation of the atte for different slot geometries.

Calculation of the g8 gesh used for grids.
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RFAs compared

High precision RFA

“High-resolution retarding field analyzer”, S.D. Johnson et al, J. Vac.
Sci, Technol. B 21 (1), Jan/EallRg 3.

Bessel Box design fre

R.A. Roseng
Detectorssf@

APS (

Ign (S
R.A&NBERG or K. Harke

New proposed design

| .

o of Simple Electron
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Simulation Parameters

The grid is always set to -100V.

The electrons at the entrance of the RFA fills the hole uniformly
and has a uniform angular dis lon of £10° in both azimuth
and elevation. y

| the simulations
er.

The entranCaak
EXCEPT ja@

© Electrofis whic - n
-* 100&tmns are used per (E

| % e d

J
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High Precision RFA

Fig. I {a} Schematic diagram of the standard HiRex REA and (b} simuslatien
resules indicating the equipotential surfaces of the rearding Geld along with

three 100 eV electron iragectories with entrance angles of £ 5%, =157 and

IIIIIIIIIIIIIIIIIIIIIIIA h b
Cone has been

removed.

Length has been
optimised
separately to
30mm.

Radius of RFA
optimised for HPF
characteristics.

- -
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Optimising Radius of RFA

RFA Optimisation as a function of Collector Radius

e Very poor HPF
e characteristics
a it ;
W el See later
5 i e ] desi
S o.8 A esigns.
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Bessel Box RFA

o A A A

L) e

e

1

C

Figure 2: Schematic diagram of the Bessel Box analyzer.
(Symbols are described in text.)

........... ;.
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Optimising the Length of the RFA

Optinizing the length of the RFA POOr Capture effiCiency.
' ' Behaviour is that of a BPF.

8,14

EBﬁnn
1581

el Ml BPF design is unnecessary
0.12 | hw Illbecause grid voltage needs
lf to be stepped for a scan
J and postprocessing needs

JRio be done anyway.

Best length '| H[lv M |
el ~175mm \“ " ’
||

Fraction in Hole

- ' ".,'aur +,| |
aﬁ wrf 1mhwm :

88 85 98 95 1688
Electron KE {(eV}
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APS Design

Note: Hole is 0.75" in
diameter.

Clearly NOT 500

This is our design
if 45V= 0

1.6mm 64 mm 4.5 mm
|
Comnd

L

-300 to+60 WV

Detail showing RFA installation behind vacuurm penetration slots cut into APS chamber wall. ' : e e
Total slot area ~ 1 cm”. (K. Harkay) i) F BT LBEE i

3 iaintia Al aias
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HPF characteristics of APS RFA

Behaviour of APS RFA for different grid voltages

Our design is a
miniscule efficiency
iImprovement. This
probably comes from
the larger dimensions
of our design.

aving the collector at
b \L IS rather
Rnly PD's

and 0 is

Fraction Captured at Collector

grid=-188Y, collector=ay
grid=-18Y, collector=aV
grid=-188Y, collector=+45Y
HEH Design gridf-lHBU

H 1 1
aa 188 118 1248 138 148 158

Electron KE {eV}
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APS RFA Performance in Ml

* Note that the APS RFA has poor S/N in the M

We do NOT connect the RFA as designed:
Signal measured at grigaels
g g e

volts
Very small signal om

Simulationgesh - Mgl up on the collector
but we do

Are the sloi

&

|
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What we see

FTF Y3.37 Console 12 SA Tue 22-JaM-2082 12:36 Pri=Z

Signal is VERY noisy

I BEnM El2
D Amps
I BLMDN nsec

C2@aa  Hz.>»
CZEA HE.
c2@a|  Hz

12

5709 ‘ |‘ 1 :
Tfansition
JI T

] Y i 1.2 =g {200 Hz ) i '.
Seconds REFEAT 0OH EVEMWT 23 engineering uni- &‘ I
] d
I

o

} - ' ULl "'=|
Is transition where we really kb Al I
see lots of action? Looks like
after transtion.

Also not at flattop!
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Compared with IPM (which uses MCP)

vumber of Electrons

IPM is still looking at

lons despite having

sweep field off.

e have reverse

Slip stacking done polarity data but ...
Instrumentation

First 5 baiches . guys not giving us

the file format.

Eyeballing data

looks good!

ampsans OF 1S 1t transition?
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Effect of Mesh

] =fﬂ

Buckbee-Mears the usual supplier of fine copper meshes is OUT
OF BUSINESS! (Sold to International Electron Devices, no
website)

We don't have the el [ d In the APS RFA but
according to the agis /inch.

&

|
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Effect of Mesh (Zoomed in)

File Help
Workbench | PAs | Particles | PEfContours |variables | Display | Log | Hide | =
PE View Cantaurs - SE|ECF§_C|_E?|7_L'_D_U_V_ o Wisualization of fields via M h I t 1 OOV b t t
PE View |-a4.748029 A [ pel ra yalue: -53, 774509603932y or [ Potential energy surfaces and eS I S a - u C e n re
= -84.423529 | I - . . contour lines,
= : |-84.,099020 Clear ees
et [ [riegative = £3.774510 |

Calor:| 1

i e el | < s EX N ey ey 1 of holes are NOT at -100V
B G =)o = I ) o o Loz o IR - | | which means particles <

é Lv/nm

| Canskrn

100eV can get through.

\————

N S A A O e e Y Y 5

[l ] e [ = e e e [ e s s e o e

_#____J,—F
) o s £ e ) 0 5 )
5 I 2 o 2 1 I ) O ) ) S T s s = R =

g

2

z

—

Drraw conkours,

FILE: ecloud.odp /Jul 1, 2008 / Page 16
cytan@fnal.gov




Effect of Non-ldeal Grids on APS Design

Capture Efficiency with Mon-Ideal Grids

_,." One non-ideal grid {at -188V} ——— |Owel’ the rise p0|nt Of
8.9 F ,n Both non-ideal grids . HPF. Make the Slope
il F o much less steep.
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Effect of Slots

Calculating the slot area, these 3

slots basically allow 50% of particles

to get through. SIMION simulations
oWy that this is indeed the case.

ofries like honey
t have area
hese 3 slots, or
- here

Theréfore, with 2 grids and the slots, the capt

——— /
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Proposed Design

Similar to Bessel box except stop is
removed. (Green is held at -100V)
Radius is 34mm.
esh instead of 2.

lakger. 1” instead of 0.75”.
. Length is 5 cm.
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Proposed Design Length Optimised

Design with 1" dian, and entire back surface as collector for diff. lengths Very nice Al PAF
behaviour. About

Eﬂhnn

1580 —— 7eV at roll off when
Lr oonn entire collector is
53nn and entire collector Used. Nice 1000/0
efficiency.
8.8 | il Diameter is always
L . 7cm, hole is 1”
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Questions

Should we match the collector plate to 5007

Do we need to have a distance between the slots and the first
grid like in the APS design?

ole g areduce electric fields

&

< What are the good
from passing4s

Is using an EN

: Imn*oe
< Highrgeun

Calibration?
not.be left on continuouslVy:

< Is sighal dependent on KE of electrons?
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